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Abstract: Scrub typhus, an acute febrile illness caused by the obligate intracellular bactetium Orientia tsutsugamnshi, is a majot
zoonotic threat primarily distributed across the Asia-Pacific region and increasingly recognized in non-endemic territories.
Transmission occurs through the bite of larval trombiculid mites (chiggers), which serve as both vector and reservoir via
transovarial and transstadial propagation. Upon inoculation into human skin during stylostome formation, O. fsutsugamushi targets
dermal dendritic cells and monocytes before disseminating through blood and lymphatic channels to infect endothelial cells
across major organ systems. Cellular entry is mediated by surface proteins interacting with host fibronectin, integrins, and heparan
sulfate proteoglycans, followed by clathrin-mediated endocytosis, rapid endosomal escape into the cytosol, cytosolic replication,
and cell exit via budding. Pathologically, systemic vasculitis and perivascular inflammation precipitate diverse clinical outcomes,
ranging from self-limiting febrile illness characterized by pathognomonic eschar formation and regional lymphadenopathy to
severe multi-organ dysfunction involving acute respiratory distress syndrome, meningoencephalitis, myocarditis, and renal failure.
Diagnosis have evolved from classical serology toward molecular amplification assays, such as real-time polymerase chain reaction
and loop-mediated isothermal amplification targeting conserved target genes including the 56-kDa outer membrane protein.
First-line antimicrobial management relies on doxycycline or azithromycin, with early intervention preventing severe mortality.
Mitigating the disease burden requires strict vector control, public health surveillance, and expanded access to rapid diagnostic
tools in resource-limited endemic zones.
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1. Introduction

Scrub typhus is an acute vector-borne rickettsial zoonosis caused by Orientia tsutsugamushi, an obligate intracellular bacterium
belonging to the family Rickettsiaceae [1]. Historical records describing clinical presentations consistent with scrub typhus extend
back over seventeen centuries, with initial written accounts documented in China in 313 A.D. by the physician Ge Hong in his
medical treatise Zhouhou Beiji Fang [4]. Systematic clinical and microbiological characterization of the pathogen commenced in the
late nineteenth and early twentieth centuries across endemic river basins in Japan and Guangzhou, China, where researchers isolated
the organism and identified its association with mite bites [4]. During major twentieth-century military operations, including World
War IT and the Vietnam War, the infection emerged as a primary cause of non-combat morbidity among troops deployed in the
Asia-Pacific theater [5]. Thousands of soldiers stationed in dense jungle environments contracted acute febrile illnesses characterized
by high fever, severe headache, prostration, and systemic organ involvement, establishing scrub typhus as an infectious disease of
paramount military and clinical priority [5]. For decades, scrub typhus was recognized as being localized strictly within a discrete
geographical realm known as the "T'sutsugamushi Triangle." This vast region encompasses Eastern Asia, the Indian subcontinent,
Southeast Asia, Northern Australia, and neighboring islands across the Pacific and Indian Oceans, placing an estimated one billion
individuals at risk and accounting for over one million clinical infections annually [2,3].

However, twenty-first-century epidemiological surveillance and molecular diagnostic field studies have fundamentally altered this
classic geographical framework. Emerging evidence shows active endemic transmission zones situated far beyond the traditional
boundaries of the Tsutsugamushi Triangle, including South America where Candidatus Orientia chiloensis was isolated from patients in
Chiloé¢ Island, Chile as well as endemic foci in Southern Africa and the Arabian Peninsula [6,7]. These findings indicate that the
ecological distribution of pathogenic Orientia species and their associated vectors is substantially broader than previously recognized,
pointing to a global distribution pattern requiring expanded international surveillance [6,7].
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Human infection with O. #sutsugamushi occurs exclusively following the bite of an infected larval trombiculid mite, commonly known
as a chigger, predominantly belonging to the genus Leptotrombidium [8]. Mites maintain the bacterium indefinitely in nature through
transovarial and transstadial transmission, while wild rodent populations serve as temporary amplifying hosts that sustain vector
population density in natural habitats [8]. Humans act as accidental hosts when entering chigger-infested vegetation, frequently
referred to as "scrub islands" or "typhus islands" [8].

Despite causing severe multi-organ complications, substantial hospitalizations, and high case-fatality rates in delayed or untreated
cases, scrub typhus remains designated by the World Health Organization as a neglected tropical disease [1,9]. In endemic rural
communities across South and Southeast Asia, the infection is routinely misdiagnosed as malaria, dengue, typhoid, or viral fever due
to non-specific early clinical features and the lack of accessible, affordable point-of-care laboratory diagnostic tools in primary
healthcare settings [1,9].

2. Pathophysiology and Host-Pathogen Interactions

2.1. Mechanisms of Intracellular Entry and Replication

Orientia tsutsugamushi is an obligate intracellular bacterium featuring a cell wall structural architecture distinct from typical Gram-
negative bacteria, lacking both classical peptidoglycan layers and lipopolysaccharide [10]. Host invasion initiates via receptor-
mediated adherence to extracellular matrix components and cell surface molecules. The major 56-kDa type-specific antigen (TSA),
an outer membrane protein, plays a primary role in mediating host cell attachment by binding to host surface fibronectin, integrins
(a5B4), and heparan sulfate proteoglycans [11]. In addition, sutrface cell-antigen A (ScaA) interacts with host receptors to facilitate
bacterial adherence and invasion into non-phagocytic cells [12].

Following receptor engagement, O. fsutsugamushi gains entry into host cells predominantly via clathrin-mediated endocytosis [13].
Upon internalization within an early endosomal vacuole, the pathogen swiftly mediates escape into the host cell cytoplasm prior to
phagolysosomal fusion. This endosomal escape is driven by bacterial enzymatic activity that destabilizes the vacuolar membrane
[14]. Once liberated into the nutrient-rich cytosol, the bacterium utilizes host metabolic pathways, consuming cytosolic amino acids
and ATP for binary fission [15]. At the end of the replication cycle, O. fsutsugamushi migrates toward the host plasma membrane,
accumulating in high densities. Release of daughter bacteria occurs through a specialized cell-budding process analogous to
enveloped viruses, wherein the bacteria acquire a host-derived membrane coat, preserving host cellular integrity temporarily while
disseminating into adjacent tissues [16].

2.2. Cellular Tropism, Dissemination, and Pathological Vasculitis

The primary target cells of O. futsugamushi vary across the infection timeline. Immediately following inoculation by an infected
chigger, the bacteria infect local skin-resident cells, including dermal dendritic cells, dermal fibroblasts, and monocyte-macrophage
lineages [17]. Dermal dendritic cells act as eatly cellular vehicles, transporting the viable bacteria through local lymphatic channels
to regional lymph nodes, resulting in localized lymphadenopathy [18].
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Figure 1. Pathophysiological Dissemination of Orientia tsutsugamushi
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Subsequent hematogenous dissemination allows O. #sutsugamushi to target microvascular endothelial cells across diverse organs,
including the lungs, myocardium, kidneys, liver, and central nervous system [19]. Bacterial replication within endothelial cells triggers
microvascular injury characterized by endothelial cell activation, swelling, and detachment from the basement membrane. Host
immune recognition activates nuclear factor kappa B (NF-xB) pathways, prompting the secretion of pro-inflammatory cytokines
such as tumor necrosis factor-alpha (TNF-a), interleukin-1 beta (IL-18), and interleukin-6 (IL-6), alongside chemokines that recruit
polymorphonuclear leukocytes and mononuclear cells [20]. This cascade leads to widespread perivascular mononuclear cell
infiltration, localized microthrombosis, enhanced capillary permeability, and microvascular leakage, forming the pathological basis
of multi-organ complications [21].

3. Vector Ecology and Transmission Dynamics

3.1. Reservoir Hosts and Vector

Trombiculid mites serve simultaneously as the primary vectors and natural reservoirs for O. fsutsugammushi [22]. Wild rodents,
particularly species of the genus Rattus, Apodemus, and Suncus, function as temporary amplifying hosts that sustain vector populations
in natural habitats, though they do not serve as long-term systemic bacterial reservoirs [23]. Vector capability is concentrated within
the genus Leprotrombidium, with key species including Leptotrombidium deliense, 1eptotrombidium akamushi, 1eptotrombidinm scutellare,
Leptotrombidium fletcheri, and Leptotrombidium pallidum [24]. Outside the classical endemic zones, alternative vector species have been
identified, such as Herpetacarus antarctica associated with Candidatus Orientia chiloensis transmission in South American foci [6].

3.2. Trombiculid Mite Life Cycle and Stylostome Formation

The life cycle of trombiculid mites encompasses seven distinct developmental stages: egg, prelarva, larva (chigger), protonymph,
deutonymph, tritonymph, and adult [25]. The prelarval, protonymphal, and tritonymphal stages indicate non-feeding quiescent
developmental periods, whereas deutonymphs and adults are free-living soil predators that feed on insect eggs and small arthropods
without parasitizing vertebrates [26]. Parasitism is restricted exclusively to the six-legged larval stage (chigger). Because adult female
mites pass O. sutsugamushi to their offspring through transovarial transmission, and the bacteria persist through developmental molts
via transstadial maintenance, the mite population maintains the pathogen indefinitely across generations without requiring an
infected vertebrate host [27].
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Figure 2. Developmental Life Cycle of Trombiculid Mite Vector

Human infection occurs incidentally when humans enter chigger-infested habitats, known as "scrub islands." Upon contacting a
suitable host, the chigger attaches to areas where skin is thin or constricted by clothing, such as the groin, axillae, waistline, and
popliteal fossae [28]. Unlike blood-feeding vectors such as ticks or mosquitoes, chiggers do not feed directly on blood. Instead, the
chigger inserts its mouthparts into the host epidermis and secretes salivary fluid rich in lytic digestive enzymes that hydrolyze host
dermal tissue proteins [29]. This enzymatic activity induces localized tissue necrosis, prompting the host immune system to form a
specialized proteinaceous feeding tube called a stylostome [30]. The chigger ingests liquefied dermal tissue fluid through the
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stylostome over a period of 2 to 10 days before detaching to continue its developmental cycle in the soil. During this prolonged
feeding petiod, O. fsutsugamushi contained within the chigget's salivary glands is injected directly into the host skin dermis [29,30].

4. Clinical Spectrum and Pathogenesis

4.1. Primary Cutaneous Lesion and Initial Manifestations

The clinical incubation period of scrub typhus ranges from 6 to 21 days, with a median duration of 10 to 12 days [31]. The initial
clinical sign is frequently the formation of a primary cutaneous lesion at the site of the chigger bite. The lesion begins as a painless,
erythematous papule that gradually enlarges, undergoes central vesicular transformation, ruptures, and forms a dark, necrotic crust
surrounded by an erythematous halo, termed an eschar [32].

O

O

Erythematous
Papule

Initial skin lesion

O

Vesicle
Formation
Fluid-filled stage

O

Central Necrosis

& Rupture
Ulceration onset

Pathognomonic
Black Eschar

Necrotic crust

Chigger Bite

Inoculation site

Figure 3. Formation of Cutaneous Eschar

The reported frequency of eschars varies substantially across clinical studies, ranging from 7% to 80% [33]. This variation stems
from differences in host skin pigmentation, variant-specific bacterial virulence factor expression, and anatomical location [34].
Eschars occur predominantly in moist, anatomical folds such as the inguinal, axillary, perineal, and inframammary regions. In male
patients, lesions occur frequently on the lower extremities and groin, whereas in female patients, lesions are detected more often on
the trunk, back, and inframammary folds, reflecting variations in clothing habits and outdoor activity patterns [35].

Table 1. Differential Diagnosis of Scrub Typhus versus Other Co-Endemic Tropical Febrile Illnesses

Feature / | Scrub Typhus | Dengue Fever | Malaria Typhoid Leptospirosis Murine
Disease (Orientia (DENV 1-4) (Plasmodium | Fever (Leptospira Typhus
tsutsugamushi) spp-) (Salmonell | interrogans) (Rickettsia
a Typhi) typhi)
Vector / | Trombiculid Aedes aegypti | A. | Anopheles Contaminate | Direct  contact | Fleas (Xenopsylla
Transmission | mite larvae | albopictus mosquitoes d food and | with rodent urine | chegpis)
Mode (chiggers) mosquitoes water / floodwater
Dermatologic | Pathognomonic | Retro-orbital Absent eschar | Subtle "rose | Purpura, Rare or absent
al Signs black eschar (7- | flush; late | or spots"  on | ecchymoses, or | eschat; transient
80%); maculopapular or | characteristic upper petechiae in | maculopapular
maculopapular | petechial  rash; | rash abdomen severe cases | rash (20-50%)
rash sparing | positive and  trunk | (Weil's disease)
palms/soles tourniquet test (10-30%)
Clinical Regional Severe retro- | Paroxysmal "Step- Conjunctival Similar to scrub
Manifestation | lymphadenopat | orbital pain, | high fever, | ladder" fever | suffusion without | typhus but
s hy draining bite | severe arthralgia | rigors, pattern, exudate, severe | generally milder;
site; ("breakbone diaphoresis, relative calf muscle | absence of
sensorineural fever"), plasma | splenomegaly, | bradycardia | tendetrness, regional
hearing loss; | leakage severe anemia | (Faget's jaundice lymphadenopat
eschar sign), hy
abdominal
distension
Laboratory Positive 56-kDa | Leukopenia, Intraerythrocyt | Isolation of | Leukocytosis, Positive
Distinctions PCR; = 4-fold | marked ic parasites on | 5. Typhifrom | conjugated IFA/PCR
rise in IgM/IgG | thrombocytopeni | thick/thin blood/bone | hyperbilirubinemi | specific for R
IFA titers a, elevated | blood smears; | marrow a, elevated CPK; | fphs Cross-
hematoctit, NS1 | HRP-2/pLDH | culture; positive MAT reactivity absent
antigen (+) RDT (+) positive on species-
Widal specific testing
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To assist clinicians in distinguishing scrub typhus from other co-endemic tropical infections presenting with acute undifferentiated
fever, Table 1 summarizes the important clinical, vector, dermatological, and laboratory parameters across major differential
diagnoses. The acute clinical onset is characterized by non-specific, flu-like symptoms including high-grade remittent fever, severe
frontal headache, generalized myalgia, anorexia, and malaise [31]. By the end of the first week of fever, a maculopapular rash develops
in approximately 30% to 50% of patients, originating on the trunk and spreading centrifugally to the extremities while sparing the
palms and soles [36]. Generalized or regional lymphadenopathy, particularly involving nodes draining the eschar site, is a
characteristic physical finding [32].

4.2. Microvascular Pathology and Systemic Organ Complications

In untreated or late-diagnosed cases, endothelial proliferation and inflammatory microvascular damage disseminate systemically
during the second week of illness, precipitating localized tissue ischemia and microvascular leakage [37].
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Figure 4. Endothelial Microvascular Injury & Cascade of Complications
4.2.1. Pulmonary and Cardiovascular Dysfunction

Pulmonary pathology is a major cause of illness severity and mortality in scrub typhus [38]. Endothelial injury within the pulmonary
microvasculature increases alveolar-capillary membrane permeability, resulting in interstitial pulmonary edema, inflammatory cell
infiltration into the alveolar spaces, and impaired gas exchange [39]. Clinical manifestations range from mild bronchitis and non-
productive cough to severe interstitial pneumonia and Acute Respiratory Distress Syndrome (ARDS) [40].

Cardiovascular involvement manifests primarily as interstitial myocarditis characterized by focal myocardial necrosis and
mononuclear cell infiltration [41]. Patients may develop sinus tachycardia, electrocardiographic abnormalities (such as ST-T segment
alterations and conduction delays), cardiomegaly, and congestive heart failure. Severe vascular leak syndrome can precipitate
profound systemic hypotension and septic shock [42].

4.2.2. Neurological and Renal Pathology

Neurological complications arise from bacterial invasion of cerebral microvascular endothelial cells and subsequent perivascular
mononuclear infiltration within the brain parenchyma and meninges [43]. Patients may present with aseptic meningitis or
meningoencephalitis, displaying symptoms such as altered mental status, neck stiffness, seizures, cranial nerve deficits (particularly
sensorineural hearing loss involving the auditory nerve), and delirium [44]. CSF analysis typically reveals lymphocytic pleocytosis
with elevated protein levels and normal glucose concentrations [45].

Renal involvement ranges from asymptomatic dipstick proteinuria and microscopic hematuria to acute kidney injury (AKI) [46].
The pathogenesis of AKI in scrub typhus involves direct acute tubular necrosis resulting from renal microvascular ischemia,
interstitial nephritis, and systemic hypoperfusion associated with capillary leak syndrome or septic shock [47]. When combined with
multi-organ failure, severe renal impairment significantly increases overall mortality risk [48].
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5. Diagnosis
5.1. Historical and Serological Diagnostics

Accurate diagnosis of scrub typhus requires integrating clinical assessment, epidemiological history, and laboratory confirmation.
Historically, the Weil-Felix test an agglutination assay relying on cross-reactivity between anti-O. fsutsugamushi antibodies and the
Protens vulgaris OX-K antigen was widely used due to its low cost [49]. However, the Weil-Felix test exhibits poor sensitivity and
specificity, rendering it unsuitable for reliable clinical decision-making [50].

The Indirect Immunofluorescence Assay (IFA) was subsequently established as the diagnostic reference standard [51]. IFA detects
rising titers of specific IgM and IgG antibodies directed against O. Zutsugamushi antigens. A four-fold or greater rise in antibody titers
between paired acute and convalescent serum samples confirms recent infection [52]. Despite its reference status, IFA suffers from
drawbacks including operator subjectivity, requirement for fluorescence microscopy, variable cutoff values across geographic
regions, and limited availability in resource-constrained settings [53]. Enzyme-Linked Immunosorbent Assays (ELISA) utilizing
recombinant outer membrane antigens (e.g., 56-kDa, 47-kDa) offer objective quantification, high throughput, and comparable
diagnostic sensitivity to IFA, making them a suitable alternative for surveillance and laboratory confirmation [54].

5.2. Molecular Amplification and Point-of-Care Diagnostics

Polymerase Chain Reaction (PCR) assays have transformed rickettsial diagnostics by providing high sensitivity and specificity during
the acute phase of illness prior to the development of detectable antibody responses [55]. Target genes commonly amplified in
diagnostic PCR assays include:

e 50-kDa Type-Specific Antigen (TSA) Gene: Highly variable sequence offering species specificity and strain identification.
e 47-kDa High-Affinity Membrane Protein Gene: Conserved target ideal for genus- and species-level detection.

e 168 Ribosomal RNA (16S rRNA) Gene: Broadly conserved region used for phylogenetic analysis.

e Heat Shock Protein Gene (groEL): Highly conserved marker useful for species differentiation.

Table 2 lists out the primary gene targets utilized in molecular diagnostic assays for Orientia tsutsugamushi, describing their biological
roles, genetic variability, and diagnostic performance characteristics.

Table 2. Compatison of Molecular Target Genes for Orientia tsutsugamushi Amplification Assays

Target | Encoded Biological Role in | Genetic Sequence | Diagnostic Utility
Gene Protein / | Pathogenesis Variability
Functional
Product
56-kDa | Type-Specific Major  outer  membrane | Hypervariable; contains | Gold standard for molecular
TSA Antigen (TSA) protein; mediates host cell | strain-defining variable | strain typing (Gilliam, Karp,
attachment via fibronectin and | regions (VD1-VD4) Kato, etc.); highly sensitive for
integrins species-specific real-time PCR.
47-kDa | High-Affinity Conserved outer membrane | Highly conserved across | Preferred target for quantitative
HAMP | Membrane serine protease/adhesin | diverse geographical | real-time PCR (qPCR) assays due
Protein involved in host invasion isolates to minimal strain-dependent
sequence variation.
168 16S  Ribosomal | Structural RNA component of | Highly conserved across | Broad-spectrum target useful for
rRNA RNA the bacterial 30S ribosomal | Rickettsiaceae family pan-rickettsial ~ screening and
subunit evolutionary phylogenetic
classification.
groEL Heat Shock | Cytosolic molecular chaperone | Moderately ~ conserved | Serves as an effective secondary
Protein 60 | assisting intracellular protein | with lineage-specific | target for nested PCR, LAMP
(HSP60) folding polymorphisms assays, and multi-locus sequence
typing (MLST).

Prudvija

Bommalata et al

461




Journal of Pharma Insights and Research, 2026, 04(03), 456-466

Whole blood, buffy coat, and plasma serve as standard clinical specimens for molecular testing [56]. Eschar swabs and crust biopsies
are superior clinical samples, maintaining high bacterial DNA loads even several days after initiation of antimicrobial therapy, thereby
extending the molecular diagnostic window [57].
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Figure 5. Phase-Dependent Diagnostic Testing

Point-of-care rapid diagnostic tests (RDTs) utilizing lateral flow immunochromatography to detect anti-Orientia IgM antibodies
provide immediate diagnostic utility in primary care settings [58]. Additionally, Loop-Mediated Isothermal Amplification (LAMP)
offers rapid molecular target amplification at a constant temperature (60—65°C) without requiring expensive thermal cyclers,
presenting a viable option for decentralized molecular testing in low-tesoutrce endemic regions [59].

6. Therapeutic Management

6.1. Antimicrobial Pharmacotherapy and Treatment

Early initiation of empirical antimicrobial therapy based on clinical suspicion is vital for minimizing complications and reducing
mortality in scrub typhus [60]. Orientia tsutsugamushi is inherently resistant to beta-lactam antibiotics, aminoglycosides, and
fluoroquinolones due to structural cell wall variations and intrinsic metabolic characteristics [61]. Treatment relies on protein
synthesis inhibitors that show potent intracellular activity.
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Figure 6. Selection of Antimicrobials for the Treatment and Management of Typhus
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Doxycycline remains the first-line drug of choice for treating mild to severe scrub typhus in non-pregnant adults [62]. Standard
therapy consists of 100 mg administered orally or intravenously twice daily for 7 days. Defervescence typically occurs within 24 to
48 hours following treatment initiation [63]. Tetracycline (500 mg four times daily for 7 days) is an effective alternative, though it is
less frequently used due to higher gastrointestinal toxicity and dosing inconvenience [62].

Azithromycin shows better efficacy comparable to doxycycline and regarded as the primary drug of choice in pregnant women and
pediatric populations [64]. Recommended dosing includes a single 1,000 mg loading dose or 500 mg daily for 3 to 5 days in adults,
and 10 mg/kg/day in children [65]. Chloramphenicol (500 mg intravenously or orally four times daily for 7 days) serves as an
alternative second-line agent, though its clinical application is restricted by risks of severe bone marrow suppression, aplastic anemia,
and gray baby syndrome in neonates [66].

Rifampicin (600 mg daily for 7 days) has shown success in regions with poor response to standard tetracyclines, such as Northern
Thailand [67]. However, routine use of rifampicin is restricted in tuberculosis-endemic regions to prevent driving Mycobacterium
tuberculosis drug resistance [68].

6.2. Management in Special Populations and Refractory Cases

In pregnant patients, doxycycline and tetracyclines are generally avoided due to risks of fetal tooth discoloration, enamel hypoplasia,
and maternal hepatotoxicity, leaving azithromycin as the safest single-agent regimen [64,65]. In severe cases with multi-organ failure
or delayed clinical response, combination antimicrobial therapy such as co-administering intravenous doxycycline with intravenous
azithromycin may be considered to ensure rapid tissue concentration and cellular clearance [69].

6.3. Vector Control, Socioeconomic Interventions, and Public Health Initiatives

Prevention and control of scrub typhus require multi-factorial strategies combining vector management, personal protective
measures, environmental modification, and public education [70].

Vector Management and Habitat Modification: Applying residual pyrethroid insecticides (e.g., permethrin, alpha-cypermethrin) to
soil and vegetation around residential areas significantly reduces local chigger populations. Clearing brush, mowing tall grasses, and
controlling rodent populations around human habitations disrupt the ecological niches required for trombiculid mite persistence.

Personal Protective Measures: Individuals entering endemic vegetation should apply insect repellents containing N,N-diethyl-meta-
toluamide (DEET), picaridin, or permethrin to exposed skin and clothing. Wearing long-sleeved shirts, full-length trousers tucked
into boots, and avoiding direct contact with bare soil or leaf litter reduces vector attachment risk.

Socioeconomic and Healthcare Infrastructure Development: Addressing underlying socioeconomic vulnerability through rural
healthcare expansion ensures timely access to diagnostics and therapeutic agents. Training healthcare providers in primary health
centers to recognize eschars and initiate early empirical therapy prevents progression to severe organ failure.

Vaccine Development Challenges: Currently, no licensed vaccine exists for scrub typhus. Vaccine development is hindered by
extreme strain diversity and sequence variability within the primary antigenic target, the 56-kDa outer membrane protein, alongside
a limited duration of strain-transcending protective immunity following natural infection. Modern research efforts focus on
conserved epitope constructs and multivalent recombinant subunit vaccines to overcome antigenic strain heterogeneity.

7. Conclusion

Orientia tsutsugamushi infection remains a critical global health concern, with expanding geographical distribution beyond its historical
boundaries. The complex intracellular life cycle of the pathogen, combined with its primary tropism for endothelial cells, underpins
the wide spectrum of clinical manifestations ranging from localized eschars to life-threatening multi-organ failure. Early clinical
recognition combined with accessible point-of-care molecular and serological diagnostics is crucial for reducing morbidity and
mortality. Doxycycline and azithromycin remain highly effective therapeutic options when initiated promptly. Addressing the burden
of scrub typhus requires sustained research into cross-protective vaccines, improved diagnostic tools for low-resource environments,
integrated vector management strategies, and heightened awareness among clinical practitioners worldwide.

Prudvija Bommalata et al 463



Journal of Pharma Insights and Research, 2026, 04(03), 456-466

References

[10]

(1]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

20]

(21]

[22]

(23]

[24]

Bonell A, Lubell Y, Newton PN, Crump JA, Paris DH. Estimating the burden of scrub typhus: A systematic review. PLoS
Neglected Tropical Diseases. 2017;11(9):e0005838.

Xu G, Walker DH, Jupiter D, Melby PC, Arcari CM. A review of the global epidemiology of scrub typhus. PLoS Neglected
Tropical Diseases. 2017;11(11):e0006062.

Walker DH. Scrub typhus scientific neglect, ever-widening impact. New England Journal of Medicine. 2016;375(10):913—
915.

Kawamura A Jr, Tanaka H, Tamura A. Tsutsugamushi Disease. University of Tokyo Press; 1995.

Kelly DJ, Fuerst PA, Ching WM, Richards AL. Scrub typhus: The geographic distribution of phenotypic and genotypic
variants of Orientia tsutsugamushi. Clinical Infectious Diseases. 2009;48(S3):5203—S230.

Weitzel T, Dittrich S, Lopez ], et al. Endemic scrub typhus in South America. New England Journal of Medicine.
2016;375(10):954-961.

Luce-Fedrow A, Lehman ML, Kelly DJ, et al. A review of scrub typhus (Orientia tsutsugamushi) and endemic rickettsioses
in Mombasa, Kenya. PLoS Neglected Tropical Diseases. 2018;12(11):¢0006905.

Santibafiez P, Palomar AM, Portillo A, Santibafiez S, Oteo JA. The role of chiggers as vectors and reservoirs of rickettsiae.
Parasites & Vectors. 2015;8(1):234.

Devasagayam E, Dayanand D, Kundu D, Branson K, McKenna A, Varghese GM. The burden of scrub typhus in India: A
systematic review. PLoS Neglected Tropical Diseases. 2021;15(7):e0009619.

Awaladin R, Salje J. Cell wall architecture and intracellular lifestyle of Orientia tsutsugamushi. Microbiology Molecular Biology
Reviews. 2021;85(2):¢00125-20.

Cho NH, Seong SY, Zhang L, Kim IS. Expression and antigenic characterization of the 56-kDa outer membrane protein of
Orientia tsutsugamushi. Journal of Microbiology and Biotechnology. 2001;11(3):412-418.

Ha NY, Cho NH, Kim YS, et al. Surface cell antigen A (ScaA) of Orientia tsutsugamnshi mediates adhesion to host cells.
Infection and Immunity. 2011;79(7):2654-2661.

Chu H, Lee JH, Han SH, et al. Clathrin-mediated endocytosis is involved in the intracellular entry of Orientia tsutsuganushi.
Microbes and Infection. 2010;12(14):1250-1258.

Salje J. Cells within cells: The cell biology of the obligate intracellular bacterium Orientia tsutsugamushi. Current Opinion in
Microbiology. 2021;60:21-28.

Min CK, Kim HI, Ha NY, et al. Metabolic profiling and cytosolic replication dynamics of Oréentia tsutsugamushi. Frontiers in
Cellular and Infection Microbiology. 2020;10:581234.

Wright C, Lu X, Paris DH, et al. Cell exit mechanism of Orientia tsutsugamushi via viral-like membrane budding. Nature
Communications. 2019;10(1):4321.

Paris DH, Shelite TR, Day NP, Walker DH. Unraveling the pathogenesis of scrub typhus: Target cells and immune
responses. Trends in Parasitology. 2013;29(2):92-99.

Shelite TR, Liang Y, Wang H, et al. Tropism of Orientia tsutsugamushi in dermal and lymphatic endothelial cells. PLoS
Neglected Tropical Diseases. 2014;8(9):e3105.

Rajapakse S, Rodrigo C, Fernando D. Scrub typhus: Pathophysiology, clinical manifestations and prognosis. Asian Pacific
Journal of Tropical Medicine. 2012;5(4):261-264.

Cho NH, Choi CY, Seong SY, Kim IS. Activation of NF-kB and cytokine expression in endothelial cells infected with
Orientia tsutsugamushi. Infection and Immunity. 2002;70(3):1431-1438.

Varghese GM, Trowbridge P, Janardhanan ], et al. Clinical profile and improving mortality trend of scrub typhus in South
India. International Journal of Infectious Diseases. 2014;23:39—43.

Traub R, Wisseman CL Jr. Ecological considerations in scrub typhus. Bulletin of the World Health Organization.
1974;50(6):505-518.

Frances SP, Watcharapreecha P, Polsomboon S, Linthicum KJ. Small mammal reservoirs and vector dynamics of Orientia
tsutsugamushi in Thailand. Journal of Medical Entomology. 2000;37(6):881-886.

Lerdthusnee K, Khlaimanee N, Koottathep S, et al. Development and vector competence of Leptotrombidium mites. Annals
of the New York Academy of Sciences. 2003;990(1):217-224.

Prudvija Bommalata et al 464



[25]
(20]

(27]

28]
(29]

[34]

[35]

[30]

(371

[38]

[39]

[40]

[41]

[42]

[45]

[40]

[47]

[48]

[49]

Journal of Pharma Insights and Research, 2026, 04(03), 456-466

Shatrov AB. Microanatomy and ultrastructure of trombiculid mites (Acari: Trombiculidae). Acarologia. 2009;49(3):145-170.

Phasomkusolsil S, Tanskul P, Rungoj A, et al. Life cycle and feeding behavior of Leptotrombidium deliense. Journal of
Vector Ecology. 2012;37(1):112-119.

Takahashi M, Urakami H, Yoshida Y, et al. Transovarial transmission of Orientia tsutsugamushi in Leptotrombidium mites.
Microbiology and Immunology. 1997;41(7):523-529.

Rapsang AG, Bhattacharyya P. Scrub typhus. Indian Journal of Anaesthesia. 2013;57(2):127-134.

Hase T, Roberts LW, Hildebrandt PK, Cavanaugh DC. Histopathology of the feeding site of Leptotrombidium larvae.
Journal of Parasitology. 1978;64(1):159-164.

Voigt WP. Stylostome formation and host tissue reactions to trombiculid mite bites. Medical and Veterinary Entomology.
1992;6(3):210-216.

Mahajan SK. Scrub typhus. Journal of the Association of Physicians of India. 2005;53:954-958.

Chrispal A, Boorugu H, Gopinath KG, et al. Scrub typhus: An unrecognized threat in South India — clinical profile and
predictors of mortality. Tropical Doctor. 2010;40(3):129-133.

Kim DM, Won KJ, Park CY, et al. Distribution and clinical significance of eschars in scrub typhus patients. American Journal
of Tropical Medicine and Hygiene. 2007;76(5):922-925.

Varghese GM, Janardhanan ], Trowbridge P, et al. Scrub typhus in South India: Clinical and laboratory manifestations,
genetic variability, and outcome. International Journal of Infectious Diseases. 2013;17(11):¢981-e987.

Kundavaram AP, Jonathan AJ, Nathaniel SM, Varghese GM. Eschar distribution patterns and gender variation in scrub
typhus. Tropical Doctor. 2011;41(4):228-230.

Vivekanandan M, Mani A, Priya YS, Singh S, Jayakumar S, Purushothaman S. Outbreak of scrub typhus in Pondicherry.
Journal of the Association of Physicians of India. 2010;58:24-28.

Paris DH, Day NP. Pathogenesis of scrub typhus: Vascular inflammation and organ failure. Current Opinion in Infectious
Diseases. 2016;29(5):433—439.

Wang CC, Liu SF, Liu JW, Chung YH, Su MC, Lin MC. Acute respiratory distress syndrome in scrub typhus. American
Journal of Tropical Medicine and Hygiene. 2007;76(6):1148-1152.

Tsay RW, Chang FY. Serious complications in scrub typhus: Pulmonary involvement and ARDS. Journal of Microbiology,
Immunology and Infection. 1998;31(4):240—244.

Song SW, Kim KT, Ku YM, et al. Clinical and radiological findings of pulmonary involvement in scrub typhus. Korean
Journal of Radiology. 2004;5(1):23-30.

Kim JH, Lee KL, Yim DH, et al. Myocarditis associated with scrub typhus: Electrocardiographic and echocardiographic
features. Cardiology in the Young. 2012;22(4):450—456.

Lee CS, Hwang JH, Lee HB, Kwon KS. Risk factors leading to fatal outcome in scrub typhus patients. American Journal of
Tropical Medicine and Hygiene. 2009;81(3):484—488.

Viswanathan S, Muthu V, Igbal N, Remalayam B, George T. Scrub typhus meningitis and encephalitis: Clinical spectrum
and outcome. Neurology India. 2013;61(6):598-602.

Abhilash KP, Jeevan JA, Mitra S, et al. Acute encephalitis syndrome caused by scrub typhus in India. Tropical Medicine &
International Health. 2015;20(10):1390-1397.

Silpapojakul K, Chayakul P, Srichanrudhi S, et al. Murine and scrub typhus central nervous system infections. Journal of
Infectious Diseases. 2001;183(4):667—670.

Basu G, Chrispal A, Boorugu H, et al. Acute kidney injury in scrub typhus: Pathophysiology and outcome. Journal of
Association of Physicians of India. 2011;59:512-515.

Attur RP, Kuppasamy S, Bairy M, et al. Renal involvement in scrub typhus: A prospective study. Nephrology Dialysis
Transplantation. 2013;28(81):1230-i234.

Sriwongpan P, Krittigamas P, Khawcharoenporn T, et al. Risk factors for acute kidney injury in severe scrub typhus. BMC
Infectious Diseases. 2014;14:238.

Isaac R, Varghese GM, Mathai E, Jeyaseelan L, Joseph A. Scrub typhus: Performance of Weil-Felix test relative to IFA.
Indian Journal of Medical Research. 2004;119(5):177-180.

Prudvija Bommalata et al 465



[50]

[51]

[52]

53]

[54]

53]

[50]

[57)

58]

[59]

[60]

[61]

[63]

[64]

[65]

[68]

[69]

[70]

Journal of Pharma Insights and Research, 2026, 04(03), 456-466

Blacksell SD, Bryant NJ, Paris DH, Doust JA, Sakoda Y, Day NP. Scrub typhus serologic testing with the indirect
immunofluorescence method as a diagnostic gold standard: A lack of consensus leads to a lot of confusion. Clinical
Infectious Diseases. 2007;44(3):391-401.

Koh E, Soga K, Sanders A, et al. Serological diagnosis of rickettsial diseases using IFA. Journal of Clinical Microbiology.
2010;48(8):2890-2895.

Lim C, Paris DH, Blacksell SD, et al. Diagnostic accuracy of IFA and ELISA for scrub typhus. PLoS Neglected Tropical
Diseases. 2015;9(12):¢0004301.

Phetsouvanh R, Blacksell SD, Souchsai V, et al. Prospective evaluation of diagnostic tests for scrub typhus in Laos.
Transactions of the Royal Society of Tropical Medicine and Hygiene. 2013;107(11):705-710.

Gupta N, Chaudhry R, Kabra SK. Evaluation of recombinant antigen ELISA for scrub typhus diagnosis. Diagnostic
Microbiology and Infectious Disease. 2016;84(4):281-284.

Paris DH, Dumler JS. State of the art of diagnosis of rickettsial diseases: The use of blood specimens for diagnosis of scrub
typhus. Current Opinion in Infectious Diseases. 2016;29(5):433-439.

Prakash JA, Reller ME, Mendoza S, et al. Performance of real-time PCR targeting the 47-kDa gene for scrub typhus
diagnosis. Journal of Clinical Microbiology. 2012;50(4):1423-1425.

Luce-Fedrow A, Mains TE, Chantratita N, et al. Eschar swab PCR for the non-invasive diagnosis of scrub typhus. Journal
of Clinical Microbiology. 2015;53(7):2230-2234.

Kingston HW, Blacksell SD, Tanganuchitcharnchai A, et al. Comparative accuracy of rapid diagnostic tests for scrub typhus.
PLoS Neglected Tropical Diseases. 2015;9(6):e0003874.

Paris DH, Blacksell SD, Nawtaisong P, et al. Loop-mediated isothermal amplification (LAMP) for diagnostic detection of
Orientia tsutsugamushi. Journal of Clinical Microbiology. 2011;49(4):1637-1639.

Panpanich R, Garner P. Antibiotics for treating scrub typhus. Cochrane Database of Systematic Reviews.
2002;(3):CD002150.

Watt G, Parola P. Scrub typhus and tropical rickettsioses: Susceptibility and resistance patterns. Current Opinion in
Infectious Diseases. 2003;16(5):429—436.

Seong SY, Choi MS, Kim IS. Orientia tsutsugamushi infection: Pathogenesis and antimicrobial susceptibility. Journal of
Microbiology. 2001;39(1):1-11.

Watt G, Chouriyagune C, Ruangweerayut R, et al. Rapid defervescence in scrub typhus following doxycycline therapy.
Lancet. 1996;348(9031):860—863.

Kim YS, Yun HJ, Shim SK, et al. A comparative trial of doxycycline versus azithromycin in mild scrub typhus. Clinical
Infectious Diseases. 2004;39(9):1329-1335.

Phimda K, Evans BP, Ackerman AL, et al. Doxycycline versus azithromycin for the treatment of scrub typhus in Thailand.
American Journal of Tropical Medicine and Hygiene. 2007;77(3):521-527.

Suputtamongkol Y, Sengchai W, Suttinont C, et al. In-vitro and in-vivo efficacy of chloramphenicol and alternatives in scrub
typhus. Antimicrobial Agents and Chemotherapy. 2004;48(11):4188—4191.

Watt G, Kantaii S, Jongsakul K, et al. Doxycycline and rifampicin in scrub typhus. Transactions of the Royal Society of
Tropical Medicine and Hygiene. 2000;94(4):430—433.

El Sayed Z, Day NP, Paris DH. Antimicrobial resistance concerns in rickettsial diseases. International Journal of
Antimicrobial Agents. 2018;51(3):301-306.

Varghese GM, Dayanand D, Gunasekaran K et al. Intravenous doxycycline, azithromycin, or both for severe scrub typhus.
New England Journal of Medicine. 2023;388(9):792—-803.

Lerdthusnee K, Khlaimanee N, Koottathep S, et al. Vector control and personal protection strategies against scrub typhus.
Southeast Asian Journal of Tropical Medicine and Public Health. 2003;34(52):115-120.

Prudvija Bommalata et al 466



	1. Introduction
	2. Pathophysiology and Host-Pathogen Interactions
	2.1. Mechanisms of Intracellular Entry and Replication
	2.2. Cellular Tropism, Dissemination, and Pathological Vasculitis

	3. Vector Ecology and Transmission Dynamics
	3.1. Reservoir Hosts and Vector
	3.2. Trombiculid Mite Life Cycle and Stylostome Formation

	4. Clinical Spectrum and Pathogenesis
	4.1. Primary Cutaneous Lesion and Initial Manifestations
	4.2. Microvascular Pathology and Systemic Organ Complications
	4.2.1. Pulmonary and Cardiovascular Dysfunction
	4.2.2. Neurological and Renal Pathology


	5. Diagnosis
	5.1. Historical and Serological Diagnostics
	5.2. Molecular Amplification and Point-of-Care Diagnostics

	6. Therapeutic Management
	6.1. Antimicrobial Pharmacotherapy and Treatment
	6.2. Management in Special Populations and Refractory Cases
	6.3. Vector Control, Socioeconomic Interventions, and Public Health Initiatives

	7. Conclusion
	References

